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Introduction

Agriculture and biodiversity are inter-linked. The observed trend toward the intensification of farming practices and the homogenization of landscapes over the past decades have triggered significant negative impacts on insect diversity and abundance [START_REF] Benton | Linking Agricultural Practice to Insect and Bird Populations: A Historical Study over Three Decades[END_REF][START_REF] Sánchez-Bayo | Worldwide Decline of the Entomofauna: A Review of Its Drivers[END_REF]. In particular, pollinators are known to decline because of several human-related drivers, including habitat loss and use of agrochemicals [START_REF] Potts | Global Pollinator Declines: Trends, Impacts and Drivers[END_REF]; Vanbergen and the Insect Pollinators Initiative 2013). This major loss of insects could have negative effects on ecosystem functioning, as insects play a central role in a variety of processes, including pollination: 80% of wild plants are estimated to depend on animals for pollination [START_REF] Ollerton | How Many Flowering Plants Are Pollinated by Animals?[END_REF], and 35% of global agricultural production comes from crops that depend on pollinators [START_REF] Klein | Importance of Pollinators in Changing Landscapes for World Crops[END_REF]). In turn, many pollinator species depend at least partially on floral resource availability and accessibility [START_REF] Potts | Linking Bees and Flowers: How Do Floral Communities Structure Pollinatore Communities?[END_REF]. The spatial and temporal distribution of floral resources is therefore essential for pollinators, especially for central place foragers such as wild bees, which are not spared from human disturbance [START_REF] Biesmeijer | Parallel Declines in Pollinators and Insect-Pollinated Plants in Britain and the Netherlands[END_REF][START_REF] Goulson | Decline and Conservation of Bumble Bees[END_REF][START_REF] Potts | Global Pollinator Declines: Trends, Impacts and Drivers[END_REF][START_REF] Burkle | Plant-Pollinator Interactions over 120 Years: Loss of Species, Co-Occurrence, and Function[END_REF][START_REF] Woodcock | Impacts of Neonicotinoid Use on Long-Term Population Changes in Wild Bees in England[END_REF]) and cannot follow the seasonality of flowering from one area to another. They may be more efficient pollinators of wild plants and crops than honeybees [START_REF] Garibaldi | From Research to Action: Enhancing Crop Yield Through Wild Pollinators[END_REF][START_REF] Mallinger | Species Richness of Wild Bees, but Not the Use of Managed Honeybees, Increases Fruit Set of a Pollinator-Dependent Crop[END_REF], and thus important for supporting pollinator-dependent crops and sustaining pollination services in agricultural areas.

In agricultural landscapes, floral resources for pollinators are provided both by wild plants and by mass flowering crops (MFCs): the former provide less abundant but more constant resources than crops, while the latter provide massive amounts of resources but during a restricted period of flowering. Although wild bees seem to depend more on wild floral resources than on MFCs [START_REF] Rollin | Differences of Floral Resource Use Between Honey Bees and Wild Bees in an Intensive Farming System[END_REF]), many of them, including solitary bees, are still known to use MFCs [START_REF] Jauker | Pollination Efficiency of Wild Bees and Hoverflies Provided to Oilseed Rape[END_REF][START_REF] Féon | Solitary Bee Abundance and Species Richness in Dynamic Agricultural Landscapes[END_REF]. Besides, the balance between positive and negative effects of MFCs on wild bees remains unclear. On the one hand, MFCs provide both pollen and nectar resources that positively affect solitary bee species richness [START_REF] Diekötter | Mass-Flowering Crops Increase Richness of Cavity-Nesting Bees and Wasps in Modern Agro-Ecosystems[END_REF], abundance [START_REF] Féon | Solitary Bee Abundance and Species Richness in Dynamic Agricultural Landscapes[END_REF][START_REF] Riedinger | Annual Dynamics of Wild Bee Densities: Attractiveness and Productivity Effects of Oilseed Rape[END_REF] and reproduction [START_REF] Holzschuh | Mass-Flowering Crops Enhance Wild Bee Abundance[END_REF][START_REF] Jauker | Early Reproductive Benefits of Mass-Flowering Crops to the Solitary Bee Osmia Rufa Outbalance Post-Flowering Disadvantages[END_REF], even though some studies found a negative effect [START_REF] Holzschuh | Mass-Flowering Crops Dilute Pollinator Abundance in Agricultural Landscapes Across Europe[END_REF][START_REF] Shaw | Mass-Flowering Crops Have a Greater Impact Than Semi-Natural Habitat on Crop Pollinators and Pollen Deposition[END_REF]. On the other hand, MFCs are often associated with intensive agriculture, which comes with a simplification of landscapes, including fewer semi-natural landscape elements providing cavities for nesting, as well as more frequent use of pesticides, which may have lethal and sublethal effects on solitary bees [START_REF] Biddinger | Comparative Toxicities and Synergism of Apple Orchard Pesticides to Apis Mellifera (L.) and Osmia Cornifrons (Radoszkowski)[END_REF][START_REF] Artz | Effects of Fungicide and Adjuvant Sprays on Nesting Behavior in Two Managed Solitary Bees, Osmia Lignaria and Megachile Rotundata[END_REF][START_REF] Rundlöf | Seed Coating with a Neonicotinoid Insecticide Negatively Affects Wild Bees[END_REF][START_REF] Sgolastra | Synergistic Mortality Between a Neonicotinoid Insecticide and an Ergosterol-Biosynthesis-Inhibiting Fungicide in Three Bee Species[END_REF][START_REF] Azpiazu | Chronic Oral Exposure to Field-Realistic Pesticide Combinations via Pollen and Nectar: Effects on Feeding and Thermal Performance in a Solitary Bee[END_REF].

Moreover, by favoring generalist pollinators, a high proportion of MFCs in the landscape may disrupt local plant-pollinator interactions [START_REF] Diekötter | Oilseed Rape Crops Distort Plant-Pollinator Interactions[END_REF]).
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The observed contrasting relationships between MFCs and solitary bee abundance or reproduction may be due in part to various sources of heterogeneity in the aforementioned studies, which we aim to control in the current study. First, these studies were performed in a variety of contexts, in terms of landscape structure, farming practices or climate. In order to generalize the actual role of MFCs, we here analyse a unique dataset obtained across a wide range of agro-environmental contexts. Second, to characterize the effects of MFCs, most researchers studied either (1) immediate impacts, wherein MFCs generally attract bees or other pollinators, with sometimes a positive effect on breeding [START_REF] Holzschuh | Mass-Flowering Crops Enhance Wild Bee Abundance[END_REF][START_REF] Féon | Solitary Bee Abundance and Species Richness in Dynamic Agricultural Landscapes[END_REF][START_REF] Diekötter | Mass-Flowering Crops Increase Richness of Cavity-Nesting Bees and Wasps in Modern Agro-Ecosystems[END_REF] or ( 2) year-to-year effects, wherein MFCs may influence bee abundance the following year [START_REF] Jauker | Early Reproductive Benefits of Mass-Flowering Crops to the Solitary Bee Osmia Rufa Outbalance Post-Flowering Disadvantages[END_REF][START_REF] Riedinger | Annual Dynamics of Wild Bee Densities: Attractiveness and Productivity Effects of Oilseed Rape[END_REF].

Only inter-annual effects of MFCs on the fitness of wild pollinators and their population growth rate would promote their maintenance in the long term.

Understanding the balance between positive effects, through the delivery of floral resources, and negative effects, through possible pesticide contamination, according to agro-environmental contexts is necessary to inform future agro-ecological management of these crops.

This study investigates the relationship between the reproduction of cavitynesting pollinators (solitary bees, but also wasps) and mass-flowering crop cover over a whole country. Our goal is to complement previous studies, on the one hand by examining year-to-year effects to assess the long term impact of MFCs, and on the other hand by considering a broad area and a variety of contexts. Our originality is to rely on a citizen science program with a large number of sites (nearly 600 fields) all over France. We focus on immediate and year-to-year landscape correlations with bee or wasp reproduction. We aimed to assess whether the cover of two widespread MFCs (rapeseed and sunflower) was correlated with solitary bee and wasp nesting both in the year of monitoring and in the following year, and thus might be able to support pollinator populations through time.

2 Material and methods

Participatory monitoring of solitary bees in field edges

The study was conducted in fields monitored by farmers all over mainland

France between 2012 and 2017, within the framework of the Farmland Biodiversity Observatory (FBO). The FBO targets several taxonomic groups to identify farming practices and landscape elements that promote farmland biodiversity [START_REF] Billaud | Citizen Science Involving Farmers as a Means to Document Temporal Trends in Farmland Biodiversity and Relate Them to Agricultural Practices[END_REF] 

Environmental variables

Landscape variables We used the national cartographic field registry (Registre parcellaire graphique, RPG) to map each crop type within a buffer around each study site. We chose the size of the buffer a priori on the basis of ecological knowledge of solitary bees instead of testing multiple spatial extents and taking the one that best predicts the response, because the latter approach is sometimes biased [START_REF] Jackson | Are Ecologists Conducting Research at the Optimal Scale?[END_REF]. The area of each crop in the buffer was calculated using the R package sf [START_REF] Pebesma | Simple Features for R: Standardized Support for Spatial Vector Data[END_REF].

We computed the area of the two main MFCs (rapeseed and sunflower) both in the sampling year and the previous year. For the sampling year calculation, we used a 250m-radius buffer since the distance at which half of the population discontinues foraging (few hundred meters) is more relevant than
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the species specific maximum foraging distance [START_REF] Zurbuchen | Maximum Foraging Ranges in Solitary Bees: Only Few Individuals Have the Capability to Cover Long Foraging Distances[END_REF]. For the previous year calculation, we decided to use a 1000m-radius buffer because the dispersal distance, from the emergence site to the nesting site, is larger than the median foraging distance of solitary bees and wasps. We chose the buffer sizes according to the measurements by [START_REF] Zurbuchen | Maximum Foraging Ranges in Solitary Bees: Only Few Individuals Have the Capability to Cover Long Foraging Distances[END_REF] for two species of the Osmiini tribe with different sizes (Hylaeus punctulatissimus and Hoplitis adunca), as a proxy for the foraging and dispersal distances of all pollinators visiting the trap nests. However, the choice of the buffer radius (250m or 1,000m) for the area of MFCs the year preceding the observation did not influence the results (not shown).

In order to take into account all other floral resources beyond crops and nesting opportunities, we also computed the area of temporary meadows for both sampling year and previous year and the area of orchards and permanent meadows in the sampling year only (because these land uses change little through time). We followed the definition of the Common Agricultural Policy of the European Union to differentiate permanent (5 years or more) vs. temporary meadows (≤ 4 years). Finally, as forest margins are known to influence wild bees [START_REF] Bailey | Distance from Forest Edge Affects Bee Pollinators in Oilseed Rape Fields[END_REF][START_REF] Joshi | Proximity to Woodland and Landscape Structure Drives Pollinator Visitation in Apple Orchard Ecosystem[END_REF][START_REF] Odanaka | Wild Bee Distribution Near Forested Landscapes Is Dependent on Successional State[END_REF],

we also computed the perimeter of forests in the buffer using the Corine Land

Cover database provided by the European Environmental Agency.

Local variables For each field, farmers reported the presence of surrounding linear elements: hedgerows and their age (old vs. young, a qualitative assessment at the discretion of the observer), grass strips, roads, ditches, woody margins. They were used in the models below to inform on potential food sources next to the trap nests. We characterized farming practices with two classes on the basis of farmers' reporting. For nesting observations located in a meadow edge, we used the type of meadow (temporary vs. permanent). For nesting observations located in a field crop edge, we used the farming system (conventional vs. organic farming).

Control variables

We assessed local weather conditions with the E-OBS database from the European Climate Assessment Dataset project [START_REF] Cornes | An Ensemble Version of the E-Obs Temperature and Precipitation Data Sets[END_REF].

Spring weather conditions influence the phenology of early solitary bees and wasps that can forage on rapeseed [START_REF] Vicens | Weather-Dependent Pollinator Activity in an Apple Orchard, with Special Reference to Osmia cornuta and Apis mellifera (Hymenoptera: Megachilidae and Apidae)[END_REF], on the one hand, and the flowering period of rapeseed and the sowing date of sunflower, on the other hand. For each monitored field, we chose to compute the mean temperature and the sum of precipitation between the 20 th of February and either the 31 st of May or the sampling date, whichever came first. Since we did not know the exact nest installation date, we also included the number of days between the beginning of the year and the observation date as a proxy for the period of time during which a nest is installed. These three variables (mean temperature, sum of precipitation and time) were included in the model below as control variables, i.e. we checked that their effect was consistent with expectations.
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Statistical analysis

The correlations between landscape resources and the presence/absence and abundance of sealed tubes in trap nests were assessed using two hurdle mixed models, one for each field edge type (field crop and meadow), in R (R Core

Team 2020) on RStudio (RStudio Team 2019) with the glmmTMB package [START_REF] Brooks | glmmTMB Balances Speed and Flexibility Among Packages for Zero-Inflated Generalized Linear Mixed Modeling[END_REF]. Hurdle models are two-stage models that provide a way of modeling the excessive proportion of zero values and are known to perform well for ecological data [START_REF] Potts | Comparing Species Abundance Models[END_REF]. The first stage models the presence/absence of sealed tubes with a probability of presence π, and the second stage models their abundance, with mean µ, conditional on the presence of mud-sealed tubes. Compared to zero-inflation models, a hurdle model assumes that there is a single process by which a zero can be produced.

Let Y i,j,k be a random variable that represents the number of sealed tubes observed during the k th observation in plot j of year i. The hurdle mixed model is the following:

Pr{Y i,j,k = y|π i,j,k , (θ, µ i,j,k )} = 1 -π i,j,k , y = 0 π i,j,k N egBin{y,(θ,µ i,j,k ) 1-N egBin{0,(θ,µ i,j,k ) , y > 0 logit(Π) = X zero * B zero + S zero logit(M ) = X count * B count + S count
with Π and M vectors of probabilities π i,j,k and means µ i,j,k , X zero and We first analysed full models (see Appendix A). Then, we ran an auto-238 matic selection with the R package MuMIn (Bartoń 2020), using the corrected 239 Akaike information criteria (AICc) and fixing several variables of interest for 240 our main questions. Variables selected through this process are in italics in 241 Table 1. We also checked the variance inflation factor with the R package per- the abundance of occupied tubes in field crop edges (Fig. 1b) and in meadow 268 edges (Fig. 2b). The area of rapeseed fields in the previous year was also posi-269 tively related to the presence of mud-sealed tubes in field crop edges (Fig. 1a).

X

270

In contrast, the area of rapeseed fields in the current year did not correlate 271 significantly with pollinator nesting, regardless of the model (Table 1, area 272 of rapeseed (current year)). For sunflower, field area in the previous year was 273 negatively linked to the presence of mud-sealed tubes in field crop edges, but 274 the area of sunflower fields in the year of observations was positively related 275 to the presence of all types of sealing materials (Table 1, area of sunflower 276 (previous year) and Appendix E, Table 4, area of sunflower (current year)).

277

Similarly, in meadow edges sunflower area was positively related to the pres-278 ence of occupied tubes (Appendix E, Table 4). In all other cases, there was no 279 significant correlation of sunflower area with bee and wasp reproduction.

280

In addition to the simple effect of previous year MFC area on mud-sealed 281 tubes, we observed significant interactions of current-year MFC area with the 282 farming system, although the latter did not have a significant simple effect 283 (Table 1, area of rapeseed (cur. year):organic farming and area of sunflower 284 (cur. year):organic farming). These interactions differed between MFCs. With 285 rapeseed, the relationship between mud-sealed tube abundance and coexisting 286 crop area varied from slightly positive to negative in conventional vs. organic 287 fields (Fig. 3a). In contrast, with sunflower, the same relationship varied from 288 slightly positive to strongly positive in conventional vs. organic fields (Fig. 3b).

289

The significance of these interactions were however sensitive to the dependent 290 variable considered (Tables 4 and5 in Appendix E).
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Relationship between other landscape elements and reproduction of cavity-nesting pollinators

The presence and abundance of mud-sealed tubes also correlated significantly with the area of semi-natural elements likely to provide food or nesting sources (Table 1, area of permanent meadows). Both presence and abundance of occupied tubes were positively correlated with the area of permanent meadows in field crop edge (Fig. 4), regardless of the dependent variable. Similarly, in meadow edges, the presence of occupied tubes, but not their abundance, was positively linked to permanent meadow area (Fig. 2a). Temporary meadows had more variable relationships with solitary bee and wasp reproduction. In meadow edges, temporary meadow area in the current year was positively related to the presence of mud-sealed tubes, but this area in the previous year was negatively related to the presence of mud-sealed tubes (Zero model in Table 1, area of temporary meadows). The pattern was opposite for abundance (Count model in Table 1, area of temporary meadows). These relationships were not significant in models considering the maximum number of mud-sealed tubes or all occupied tubes (Table 4, Appendix E). The presence of occupied tubes was generally positively related to perimeter of forests in field crop edge, but the presence of hedgerows had no detectable correlation in any model. The proximity of a road was negatively related to the abundance of occupied tubes in meadow edges, and to the presence of occupied tubes in field crop edges.

Finally, the type of meadow was not significantly correlated with nesting measured in meadow edges.

Control variables

In all models, the number of days since the beginning of the year was positively related to the presence of mud-sealed tubes. Similarly, when significant, mean temperature and sum of precipitation correlated positively with both presence and abundance of mud-sealed tubes.

Discussion

While examining the landscape and local correlates of solitary bee and wasp nest building across a whole country, we observed positive relationships with the area of landscape elements that provide resources, i.e. rapeseed, sunflower and permanent meadows. For rapeseed, this relationship was true only for the area cultivated the year preceding observations, regardless of the tubesealing material considered. For sunflower, nesting was positively linked with crop area in the current year when all sealing materials were considered, but negatively linked with crop area in the previous year when considering mudsealed tubes only. In the following we discuss the implications of our findings for the management of agricultural landscapes.
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Inter-annual impacts of mass flowering crops on nest building in solitary bees and wasps

We focused our study on the inter-annual effects of landscape floral resources on the reproduction of wild bees and wasps. We evidenced a positive correlation between rapeseed field area in the previous year and solitary bee and wasp nesting, both in the zero model and the abundance model. Such correlation suggests that rapeseed may have a lasting year-to-year impact on bee and wasp reproduction. Whereas solitary bee nest-building was previously shown to increase during the period of mass-flowering [START_REF] Jauker | Early Reproductive Benefits of Mass-Flowering Crops to the Solitary Bee Osmia Rufa Outbalance Post-Flowering Disadvantages[END_REF], we did not find any significant impact of the area of rapeseed of the current year.

Our results indicate that the previous year resources seem to benefit more to nest-building and thus to support production of sexuals, a requirement to carry over benefits into the next season.

The next-year positive effect of rapeseed floral resources may be related to nest provisioning. Although both males and females feed on flowers, only females invest in brood care. During spring, solitary bee and wasp females collect building materials and food for the nest, where the eggs are lain in individual cells. The larvae stay in the nest throughout the summer and winter, using pollen reserves, and emerge the following spring. Reproductive success thus depends on the female's ability to provision nests with enough pollen mixture to ensure the emergence of enough offspring the following year. Trap nests only provide information about the number of sealed tubes, and not about the actual number of cells and larvae in each tube. We do not know the actual number of viable offspring that will emerge the following spring: in previous studies, it has been shown that sometimes no adults emerge from a nest, notably because all cells can be parasitized (e.g. Steffan-Dewenter 2002).

Variation in offspring number within sealed tubes may explain the contrasting correlations of bee and wasp reproduction with previous year and current year rapeseed cover. Available floral resources during breeding season allow each female to lay more eggs in each tube, and to provision more pollen mixture for each larvae, which will result in a higher abundance in the next year, hence in a positive correlation between nesting and previous year rapeseed cover.

However, females may not necessarily seal more tubes even when more pollen resources are available because of the high cost of the nest plug [START_REF] Rust | Cell and Nest Construction Costs in Two Cavity-Nesting Bees (Osmia lignaria propinqua and Osmia ribifloris biedermannii) (Hymenoptera: Megachilidae)[END_REF], hence the non-significant effect of current rapeseed cover on bee reproduction. [START_REF] Riedinger | Annual Dynamics of Wild Bee Densities: Attractiveness and Productivity Effects of Oilseed Rape[END_REF] showed that rapeseed has a year-to-year effect by promoting a higher solitary bee and wasp abundance the following year. Here we show that this higher abundance of solitary bees and wasps, which we did not measure directly, also translates into higher reproductive potential, an indirect piece of evidence that rapeseed promotes solitary bee and wasp populations (Fig. 5). This result was not completely expected, since the rapeseed blooming period is limited, and since its pollen may be of minor importance for larvae diet [START_REF] Coudrain | Landscape Distribution of Food and Nesting Sites Affect Larval Diet and Nest Size, but Not Abundance of Osmia Bicornis[END_REF]. Moreover, as a result of crop rotation, a high rapeseed cover one year may lead to a lack of floral resources in the landscape the following year. Landscape floral resources correlate with next-year bee and wasp reproduction in early spring, such as Osmia, which are known to pollinate spring-blooming crops [START_REF] Bosch | 6. Life Cycle Ecophysiology of Osmia Mason Bees Used as Crop Pollinators[END_REF]. Sunflower area was negatively correlated with next-year reproduction of pollinators using mud in the presence model in field crop edges. This negative correlation between sunflower field area in the previous year and the presence of mud-sealed nests may be understood according to the same logic of interpretation as the one adopted in the case of the effects of rapeseed. Since sunflower is a summer crop sown in April, a high cover leads to a lack of floral resources during the spring and may therefore reduce the number of breeders in the next year (Fig. 5). However, according to this hypothesis, the abundance, not only the presence, of mud-sealed tubes should also have been negatively correlated with sunflower field area in the previous year. Finally the dissimilarities between the effect of sunflower when all tubes vs. mud-sealed tubes only are considered suggest that on average species using sealing materials other than mud have later phenologies than species using mud and are positively affected by the resources provided by sunflower. Differences were observed on zero models only probably because mud-sealed tubes represent the majority of observations and drive the abundance data.

We found little correlation of bee and wasp reproduction with the area of MFCs growing simultaneously but the interactions between MFC cover in the current year and farming system were sometimes significant, in a surprising way. We expected local pesticide use intensity to have negative effects on nesting, and even to counteract the positive effects of MFC floral resources and semi-natural habitats as demonstrated for pest biological control [START_REF] Ricci | Local Pesticide Use Intensity Conditions Landscape Effects on Biological Pest Control[END_REF]. Our analyses did not confirm these predictions, since farming system alone did not have any significant effect and conventional practices interacted positively with rapeseed resources (Fig. 3). Besides, some of these significant interactions tended to vanish when studying the total number of occupied nests instead of mud-sealed tubes. Again, these differences are consistent with the hypothesis of partly different spring and summer communities. One reason why we did not observe general negative effects of conventional farming may be related to our data not measuring the number of offspring directly: pesticide exposure might not reduce nesting, but only reduce offspring production and alter the sex-ratio (Stuligross and Williams 2020). However, these results are difficult to interpret because we lack information on practices at the landscape level, while some authors emphasize the need to combine both local and landscape levels when assessing the impacts of the intensity of farming practices [START_REF] Carrié | Interactive effects of landscape-wide intensity of farming practices and landscape complexity on wild bee diversity[END_REF].

Importance of semi-natural elements and other permanent landscap features

Both for the probability of presence and abundance of sealed tubes, the area of permanent meadows in the buffer strongly promoted solitary bee and wasp reproduction. This is consistent with previous studies which showed that loss
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of semi-natural habitats, i.e. land uses that are minimally managed and not cultivated for arable crops, is one of the main drivers of pollinator decline [START_REF] Ricketts | Landscape Effects on Crop Pollination Services: Are There General Patterns?[END_REF][START_REF] Tscharntke | Landscape Moderation of Biodiversity Patterns and Processes -Eight Hypotheses[END_REF]. As the dynamics of wild bee populations are mainly driven by the amount of nesting and floral resources [START_REF] Lonsdorf | Modelling pollination services across agricultural landscapes[END_REF], semi-natural areas help maintain bee populations [START_REF] Carré | Landscape Context and Habitat Type as Drivers of Bee Diversity in European Annual Crops[END_REF][START_REF] Tscharntke | Landscape Moderation of Biodiversity Patterns and Processes -Eight Hypotheses[END_REF]) by providing both nesting and food opportunities. Remaining permanent meadows may also be important to offset bee decline caused by meadow-to-crop conversion that occurred long ago [START_REF] Provost | Grassland-to-Crop Conversion in Agricultural Landscapes Has Lasting Impact on the Trait Diversity of Bees[END_REF]. Moreover, these semi-natural habitats may decrease the negative effect of warmer temperature on bee populations [START_REF] Papanikolaou | Semi-Natural Habitats Mitigate the Effects of Temperature Rise on Wild Bees[END_REF] and buffer the harmful impacts of pesticides [START_REF] Park | Negative Effects of Pesticides on Wild Bee Communities Can Be Buffered by Landscape Context[END_REF].

In both our models however, there was no evidence of a positive effect of the proximity of hedgerows, except for the probability of nesting, regardless of sealing material, in field crops. This observation goes against our expectations, since it has been shown that abundance and diversity of wild bees are enhanced in field edges by hedgerows [START_REF] Morandin | Hedgerow Restoration Promotes Pollinator Populations and Exports Native Bees to Adjacent Fields[END_REF]. This result may be due to the fact that this parameter is reported by farmers, whose definition of a hedgerow may differ and may include different types of vegetation and different stages of the hedgerows (recently planted or older, more or less diversified).

By contrast, our models evidenced a negative impact of the presence of a road.

The amount of roads has already been shown to decrease bumblebee density [START_REF] Kallioniemi | Local Resources, Linear Elements and Mass-Flowering Crops Determine Bumblebee Occurrences in Moderately Intensified Farmlands[END_REF]), but road verges could also provide floral resources for wild bees [START_REF] Henriksen | Road Verges and Winter Wheat Fields as Resources for Wild Bees in Agricultural Landscapes[END_REF].

Semi-natural areas and mass-flowering crops do not have the same relative importance. In both zero models, the area of permanent meadows had a stronger positive effect than the area of rapeseed in the previous year. On the contrary, in both count models, the impact of rapeseed was slightly to substantially stronger. The presence of sealed tubes thus seems to depend more on semi-natural areas while their abundance seems to depend more on the resources provided by rapeseed. Nevertheless, the permanent meadow area does not condition the positive effect of rapeseed: we tested the interaction between the two variables and we did not find any significant correlation (not shown).

The presence of permanent meadows may be a important factor when a wild bee chooses where to build its nest, because some wild flowers in meadows are in bloom before rapeseed fields and thus are more attractive. Once the nest is built, rapeseed will provide a massive amount of pollen and nectar to pollinators active during its flowering period (such as Osmia), allowing each female to lay more eggs in each tube and thus increasing the number of breeders the following year.

Conclusion: implications for pollinator conservation in agricultural landscapes

Defining how agriculturally dominated landscapes can be optimized for wild bees remains a complex subject. Our study shows that solitary bee and wasp Table 3 Variance inflation factors for solitary bee models, obtained with the performance package [START_REF] Lüdecke | Performance: Assessment of Regression Models Performance[END_REF]. 

  count vectors of fixed effects listed in Appendix A with their related vectors of coefficients B zero and B count , S zero (resp S count ) the vector of site random intercepts s zero j ∼ N (0, σ 2 zero ) (resp. s count j ∼ N (0, σ 2 count )), and θ the dispersion parameter of the negative binomial. In our models, we included five types of variables with fixed effects, which are listed in Appendix A: (1) four variables related to the quantity of floral resources provided by MFCs (area of rapeseed and sunflower in the current and previous year), (2) seven variables related to the semi-natural elements likely to provide additional floral resources and nesting opportunities in the surrounding landscape, (3) eight variables describing either local practices in the field neighbouring the monitoring site or local food/nesting sources and (4) their interactions with landscape resources, and finally (5) three control variables. We also included a site random effect to take into account the non-independence of repeated observations in some fields, within a year and between years (131 sites were monitored at least two consecutive years). All variables were standardized and centered. Note that, to avoid multicollinearity issues, we did not include the type of crop sown in the neighbouring field in the models because it was indirectly taken into account in the landscape variables.

Fig. 1

 1 Fig. 1 Relationship between (a) probability of presence of a mud-sealed tube or (b) abundance of mud-sealed tubes, in trap nests set up in field crop edges, and rapeseed field area in the previous year. Continuous black lines are either (a) the predicted zero-inflation probability or (b) the mean model prediction conditioned on the fixed effects and the zero-inflation component. Grey ribbons are the confidence intervals. Each grey point represents one observation; multiple grey points on top of each other appear in darker grey.
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Fig. 4

 4 Fig. 4 Relationship between (a) probability of presence of a mud-sealed tube or (b) abundance of mud-sealed tubes, in trap nests set up in field crop edges, and permanent meadow area. Continuous black lines are either (a) the predicted zero-inflation probability or (b) the mean model prediction conditioned on the fixed effects and the zero-inflation component. Grey ribbons are the confidence intervals. Each grey point represents one observation; multiple grey points on top of each other appear in darker grey.

Fig. 5

 5 Fig. 5 Schematic summary of possible inter-annual effects of rapeseed (top) or sunflower (bottom) floral resources on solitary bee reproduction, as compared with an average landscape (middle). Osmia rufa drawing by Valerie Littlewood, used with permission.

  positively and durably affected by rapeseed cover. This 469 crop provides a massive amount of floral resources at a period favorable for 470 early wild bees. Moreover, our study confirms that permanent meadows are 471 essential to promote solitary bee and wasp populations. The positive effect of 472 rapeseed cover may hold only if enough food and nesting sites are available 473 in adjacent natural habitats. Ricketts et al. (2008) showed that flower-visitor 474 richness and visitation rate in croplands decline with distance from natural ar-475 eas, and a lack of natural habitats can directly impact on crop yield (Garibaldi 476 et al. 2011; Holzschuh et al. 2012). Protecting natural habitats near crop fields 477 seems to be a key solution to secure natural supply of pollination service, and 478 moderate covers of rapeseed may help to maintain solitary bee populations. 479 However, rapeseed flowering period is short, thus pollinators still need floral 480 resources from other crops and other semi-natural habitats (Martins et al. 481 2018), especially as we studied a small part of the solitary bee and wasp com-482 munity. The use of rapeseed for promoting wild pollinators needs also to be 483 viewed bearing in mind the heavy pesticide application on this crop.
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Table 1

 1 Output of hurdle models examining the relationship between the presence of mudsealed tubes ("Zero model") or their abundance conditional on presence ("Count model") and environmental variables. The table shows the parameter estimates, with standard errors in parentheses, after automatic selection of variables. Non-italicized variables were fixed, while italicized variables are those that were retained during the automatic selection process. Parameters with a p-value<0.05 are highlighted in bold. All variables were standardized and centered.

		Zero model	Count model
		Field crops	Meadows	Field crops	Meadows
	Intercept (conventional farming, no landscape elements nearby)	-0.90 (0.30) * *		1.32 (0.14) * * *	
	Intercept (temporary meadow, no landscape elements nearby)		-1.72 (0.59) * *		1.63 (0.20) * * *
	Landscape variables				
	Area of rapeseed (current year)	-0.14 (0.11)	0.31 (0.20)	0.04 (0.06)	-0.04 (0.06)
	Area of rapeseed (previous year)	0.50 (0.15) * * *	0.13 (0.29)	0.31 (0.09) * * *	0.24 (0.09) * *
	Area of sunflower (current year)	-0.07 (0.12)	-0.35 (0.30)	0.03 (0.07)	0.10 (0.16)
	Area of sunflower (previous year)	-0.41 (0.17) *	-0.16 (0.38)	-0.04 (0.09)	-0.10 (0.16)
	Area of permanent meadows	0.69 (0.19) * * *	1.03 (0.38) * *	0.27 (0.09) * *	0.11 (0.11)
	Area of temporary meadows (current year)		1.15 (0.46) *		-0.40 (0.16) *
	Area of temporary meadows (previous year)		-1.09 (0.49) *		0.30 (0.15) *
	Perimeter of forests	0.37 (0.19) *			
	Local variables				
	Organic farming	0.48 (0.57)		-0.75 (0.43)	
	Permanent meadow		0.51 (0.40)		-0.01 (0.18)
	Road	-0.68 (0.31) *			-0.50 (0.20) *
	Young hedgerow		1.16 (0.66)		
	Old hedgerow	0.59 (0.31)	0.41 (0.62)	-0.14 (0.18)	
	Interactions				
	Area of rapeseed (cur. year):Organic farming	-0.33 (0.82)		-1.51 (0.70) *	
	Area of rapeseed (prev. year):Organic farming	0.72 (0.70)		-0.31 (0.31)	
	Area of sunflower (cur. year):Organic farming	-0.27 (0.41)		1.03 (0.46) *	
	Area of sunflower (prev. year):Organic farming	-0.79 (0.52)		0.19 (0.28)	
	Area of permanent meadows:Organic farming	-0.30 (0.59)		-0.07 (0.28)	
	Control variables				
	Temperature	1.32 (0.14) * * *	1.79 (0.29) * * *	0.40 (0.07) * * *	0.24 (0.10) *
	Precipitation	0.66 (0.11) * * *	1.44 (0.26) * * *	0.37 (0.05) * * *	0.25 (0.09) * *
	Number of days	0.60 (0.09) * * *	1.07 (0.16) * * *	0.02 (0.04)	0.18 (0.06) * *
	Variance of site random effect	8.69	14.95	1.88	0.93
					

* * * p < 0.001, * * p < 0.01, * p < 0.05 Field crops : trap nests set up in field crop edges ; Meadows : trap nests set up in meadow edges 3 Results 259 3.1 Relationship between area of mass-flowering crops and reproduction of 260 cavity-nesting pollinators 261 Nesting was generally positively correlated with the quantity of floral resources 262 provided by MFCs, but the relationships depended on the type of sealing mate-263 rial, the identity of crops and the timing of resource availability. For rapeseed, 264 only the area cultivated the year preceding observations was related to nesting 265 (

Table 1 ,

 1 area of rapeseed (previous year)). Regardless of the dependent vari-

	266
	able, the area of rapeseed fields in the previous year was positively linked to
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